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(57) Abstract: An LED emitting 
light of wavelength mainly 375 nm or 
below. The LED includes a GaN layer 
(16), an n-clad layer (20), an AlInGaN 
buffer layer (22), a light emitting layer 
(24), a p-clad layer (26), a p-electrode 
(30), and an n-electrode (32) arranged 
on a substrate (10). The light emitting 
layer (24) has a multi -layer quantum 
well structure (MQW) in which an 
In GaN well layer and an AlInGaN 
barrier layer are superimposed. The 
quantum well structure increases the 
effective band gap of the InGaN well 
layer and reduces the light emitting 
wavelength. Moreover, by using 
the AlInGaN buffer layer (22) as the 
underlying layer of the light emitting 
layer (24), it is possible to effectively 
inject electrons into the light emitting 
layer (24), thereby increasing the light 
emitting efficiency. 
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1 I nGaN^^'JTliiUtffl^SCliitN I n G a N#PJS t(Dfettm<a? 
luIBInGaN#P»©Inm^Jt«s 0fl*« 5 %JBU: 1 5^Tkt5ii: 

&tcs frlBA 1 I nGaN/A*UT^©Al«i^Jtti> 0!);Lfc£ 1 4 %&Lt 4 0 % 
JiTF^T ££i:#T-§&o Al I nGaN^*'J7jl©I n«a^it(is #lx.J£0. 
1 °/ 0 W± 5 %WT i: t S ^ i: f 5 o 

#£gBJlC:fc^T, £t>1Z, ifBI6ifcil:BIStfcAlInGaN^y7 7l* 
WLTfccfcW Mi«gbtAlInGaNn^77l$iltS3J:t\ * 

fusBAl I nGaN^^7 7l©Al«b(l 0iJ;U£O. 5%JJt±4 0%JJ( 
T^-rSCl^AST^So AlInGaNMi/7 7l©Iii«H: s 03*.«O. 
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%o T> F-rGaNIl 6±fci^Sffi£*£<-r3fc#>©n-GaNJf 1 8 ifi 
mf&ZtlZo n-GaNJfl8±£. F12 0 fcUGaNtAl G 

aN£35Sfc;giJlbfc (n-GaN/n-AlGaN) ©SLS (Strained Lay 
er SuperlatticerM^j&te?) Jl#7fcl&<**iSo ^bT. n-*5y KJB2 0± 
AlInGaNA'^7712 2St^^jl2 4 #7fcj?&£*i,£o 38ftJf 2 4 t± 
N InGaN#Pli:Al I n G a Nn U 7l$tl t fe^lif 
#PMQWfr MA2 Utp-^f h*JS26i:bTGaNi:AlG 

aN^tlbfc (p-GaN/p-AlGaN) © S L SJf *l£o rfc 

fc>t^ #|t|Jte7M© L E D lis Al I nGaNn^77f2 2 hMQWMI2 

* KI2 6±{Cl&Y^«ffi^f£<-rSfeK)©p-GaNJ12 8#ffM£*u ££>fc 
p-GaN12 8±lcpiI3 0«$n§ o — n-GaNH 8 ©— Sfl 
&»ffl£^ ^O±tnli3 2«^ti^o &mi±, MOCVDSMK 
MOCVDSf^tiSo 

»»fc*V^TI±»*J■2 4£bTI nGaN#pjg^Al I nGaNmjTjf £ 

h*12 0 2fctfp-*^y H«2 6T"i*tf|Sg^ MI2 4 £Pig£-y-T A 
1 InGaNA'>77l2 2«^tiT^5o 
JiTFx MI2 4SV^y7 7*2 2 lz-D\,\xmW1r 

m2lzl±, m 1 fc:fetta$B3teJB2 4©^3&s^^tlTVNSo H^12 4^ I 
nGaN#pl2 4btAl x In y Ga.-x-»NA*'J7l2 4 a £3SSfc:;»Jl b 
Ti^ti^o 0<x<l, 0<y<lT*&3o InGaNftpI2 4 

b©ff£&#];Lfc£l . 5nmT-ifc*K A 1 I n G a N/n* V TM 2 4 a ®JP£fc±0!| 
AK1 2 nmtS«, WibMVm&MZ-tel ^7 ( 1 4ji) -£&£ 0 AlInG 
aNA*>j7l2 4 a©^> ^t«>riiInGaN#pi2 4b©;s> F3r*y 
rj: D &I&V^o p *® 3 022:^11*^3 2 fcJQg^riqvW BiiPf £ In 
.GaN#PI2 4 bJ3T«^i:jE?LAs^bT^-rSo I n G a N#JST*fci:Jil 
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tzmmvtcMQWfr&Zh-Cs I nGaN#pjf 2 4 b®|?»> h*3r^y 
r*s&*£ti3o H$J^> K^y^CD&^tcJ;^ $S3 6 3 nm^TT*©fg 
ft#pfliii:&£o ^JtelJSt S I n G a N#pI 2 4 b «: I n^c^JttW^ 
(0S*.tf N In»=10%), Inffififc»6gfe*Si>fcto»3te8Ms# 

£ I n G a N 1*1 lc fcfir b T * #B*te8b*l±<ft'F b < V>„ 

£fcs A 1 x I n y G a i- x .- y i; 71 2 4 a * I nSttf fefe (y>0) \ 

^£ftl>A 1 Ga.N^VTm*m^tzM'&£l£®TZ>£s Al InGaNT-fcfcl 
nGaN#Pi2 4bkO«?^tf/J^<, «^»&<E<ft#£ b < <*S 

1 I nGaNTli#pl2 4 b i:A*'J7l2 4 a tc:£b 2>m.fri$'b£ < H 

flS<b«f«ftl4ff«ttfcJ;D c«i;£|q|fc:«##$8£-f So £©«#fci\ #PM 

1ft i) §'J^ < btS*g^*4'J^ < UT US 5« -r&fc>*» #Pl2 4bl:I 
Hi$%>% bftytWjmti&TTZo z<D£5te%}m («^gBb&to^*;i/^3& 
JH) tts #fc#pJ12 4b#/£^i§iirfcm^££b3#. #Fl2 4b*i 
^•?*ot*^©^fliife^So *HJKK«8R:^V^-CI4 N ;s »J 7jf 2 4 a i: 
UA1 I nGaNSffl^t«^fi^l'J^< U #Pl2 4bOi*WJ 

dCDJ;-?^ M12 4fc:fet>T I nGaN#pji2 4b$i<, AlInG 
aNMV:Pjg2 4aW> y < f %> z tX, M^MICX*) InG 

a N #p M 2 4 b© H$jffJ ^>^ty7§j£ fcf X ftftM 3 6 0 nmWTS 
jifftT-^So Z.(D&Xs MtfInGaNT'lift< Al I nGaN^Mlfcb 

I nGaN^MlJitSLED®^ I n G a NJB©JP£# 2 nmfiTF £ 
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nGaN#Pl2 4bli2nmWT 5 nm) h^<-r££^#*ftg 

T*&3#, *mWBm<Dftitm2 4&I nGaNi^^Ihbfet^C 
£^fe*»<ZH£Tfct£b&l> 0 ^OSfifciu A*ij7f24ai:ltAlInGa 
N^ffi^Tl^fc&s ±x£bfc<fc?{c:l nGaN#pJ12 4b©M> ^+y7 
#l«l$jl$£&:*U $£8frM$C©^ U :?*Jf 2 4 a^cD^mbAS'J^&oT^S 

4 atfe^Al I n G a NJ±A 1 teiStsltdblC^ <D$,-gkM.M 
til nGaNOfifelfig ( 6 5 0°C~7 5 CTC) <fc DEfl^ffllS (#m2 8 0 0 

°c) tn^fe^o z(D£oiz7 5 o°cj^±cDM^-e^ft^-e-sc:^-es m 

'J7I2 4 a©iitt*il<feSo 
— /^>>7Tjl2 2i±Al InGaNfM^W. /^y 7Til2 2&A1 
rt> h^^yr*Si£<^Ds InGaNtfe5#Pl2 4b<);H 
J&<&£<> ^01 2 2 ic<fc »)#fJB2 4 b^©m^©&A3W#|qJ_tU JgfclE 
W^7 7l2 2«*L£trS£/jN£ < • IE?L*^e<3t#FS2 

4b?3fc:gflb&#>£o A'y7 7l2 2 CD A lJMfct. ^J^.^4 0%@Jg^|S;^T- 

*HMl©LED^T®/n-k^$M3l^ti§o -?-&to%s IffiMOC 

o°cizx7kmBmM*T* l o^iMits, ^e©^s mjk^s o o°c£-ew 

So ^E^^^i/^V^tT^-T^^^llAi^f) 1 0 0f«U 
StM 1 0±fC^j^l$£ (nUMi^fc) SiN;ty77ll2M^t5o 
mtU&X*B£ 2 5 nmCGaNAy 7tM ( L T;\* y 7 tJI) 14^h 

bts Um* 1 0 7 5°C*-eJl(fs U^^-;i/^U ^ASt>*7>^r:r^x 

££y&bTJP£ 2//mCD^> K— 7GaNIl 6 ^figS^^s ftC^y ^;i>*> 



5 



WO 2004/008551 ^CT/JP2003/008365 

7>^ttxfeSW-7Cn-GaNi (nlll) ^£ 1 . 0//mf&^ 
£-&So n-GaNJf 1 8*©** U 7&mZ&& * 5x10 1 8 c m- 3 T*& So 
H-flS£TS i h'-ZOn-Alo. iGao..N ( 2 nm) /S i F— 7* 
©n-GaN ( 2 nm) $ 5 0 ^S^tT S L SilJ: Un-^ 7 y KI 2 

ozm^mtZo AicDM^bT&b »;^^;v^;i/^-e7A (tma) 

f>H5o n - * ^ y h'jf 2 0©™?TO5x 1 0 ,8 cm- 3 T'fe^)o ^©^ 
8 0 0°Cg^tTT{fTT> h*-7Alo. os I no. oiGao. 9< N;ts/7 7 
J12 2 £j&S£-fr3o ^^7 712 2©JP£fci:3 6 nm-efe§o jftRfiJft* 1 8 0 
O'Cti^fefes ^©&fcW±^<&3<, AlInGaN^y77l22^fi 
HC8 0 0°Cr'T> K— 7*1 no. iGao.sN (1. 5 nm) /71s Y 
— 7° A lo.2Ino.1Gao.7N (9 5nm) $7^7M^ttMQWMI2 
4*J&g£**o «3teJ12 4©i§rff-J»£«9 5 nmT*&So 

*©^ MJS* 9 7 5°C*T*±ifTMg K — ^©p-A lo. .Gao. 9 N (2n 
m) /MgK-7®p-GaN ( 1 nm) % 5 0 J3SBffcg£ S L Sai£©P 
-^^y h*I2 6*/&R£-l3\ ££>i::JP£ 2 Onm©p-GaNl (ptt^Jl) 
2 8£/#g£-e-£o S L S©p-^5?y K/f 2 6 Z&tF p — G a NJfl 2 8 *©IE?L 
^K{i^n-?tl5 x 1 0 "cm-\ 3X10 I8 cm- 8 T-$)^o 
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MZlts n-^7>n*I20J:ltSi ^-/©n-Alo.jGac.sN (1. 6 
nm) /Si h'-rcn-GaN (1.6 nm) £ 5 O^T^tTSLSi 
jti: U ^^7712 2'fcltAlo. Jno.oiGao. 5 »N420 nm?fcJ?fcU 
»3fcJS2 4thX I nO. 0 5GaO. 95Ni^Fl (1. 5nm) /Al 
o. 4 Ino.oiGa 0 . 5 9N/-?U 71 ( 1 0 nm) £ 3 ^7/3^;* p-^^F 
Jf 2 6 tUMg F-T'OGaN (0. 7 6 nm) /A lo.13Gao.87N ( 1 . 
5nm) £5 0^7fl2EfcbTfc<fc^o f;£x h ^©J^iagfc 

tfiJ^Tr&Ss ^1^^7712 2-$>$S)feJi2 4$84 0°CT-5&g£-tirTfccfcl\ 

ffiU Ni (lOnm), Au (lOnm) £Jg&H£*£& bti® fcJ&lfcU 

5%cD^^^-tf^^#HM^ N 5 2 o°cxmmm\s-zmmi&mm* pmw 

«S3 0£T3o h UPX b£M*frU n^B £&©£#)© 

n-GaNI18±CTi (5nm) . Al (5nm) £K^*bs mMX* 
*x 4 5 0°Cf30^«IlTnti32 Wt5o p«H3 OMnl 
S3 2©— ffilzvj ^tfyy*^ >?m(Dm% 5 0 0 nmCD^^f F$^U * 
t£l 0©S®£ 1 0 O^mST-^bT^^^^'klctb^^T'^^J&mbs v>) 

bTLED^/wx7>e>mMbfe±^ai73^«ij^bfeo ^m7j«^xm^2 om 

ABtfc&J;^ 1 . 6mWTfeofe, ^^*{*s 2^>^it^©e7^/N@F*3T^ 
'i>©fc££>oti;±fc £&©©, 3 6 0 nm± 5 nm©$SfflT*&o fc 0 

%%M2 4fci5lj-5Al I nGaNmj7!2 4aO^>F=¥ty7® 

&m*mm?^<, ^vrmz 4 a.<Df&M$>\zm.-r&m#x(D5%s tma (h 

133 t£*<Dffim&7jk£tiT^%>o ffim±J* U 71 2 4 a^Stf©TMA^fi 
(7n-l/-h : sc.cm) Tr&tK ^ii^b^tf^^©^S^^i^-e^b 
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l/4T!feSo TMAM^ 7 s c cmifib 1 0 s c c mfc«|Jn&*S fc N $g}fe 
3M&2. 6fg£&£o £©>R<EiT-fi£:g£^fc^y TJf 2 4 a©JjfifiBfcl\ I nl 
f&it&®l%s AlIfilW20%^5o Al«i^Jtt±TMA«Eftfc:S«it 
^JtSfcfes ^iJ7l2 4a0AlH^J:blil4 o /o (20x7sccm/10s 

ccm) «fc t)^*V>ii:tff53te»*©tt^&a*bV^o -3fiTs felDfcAli 

U712 4 a© A lfififcJttt^OTIR^IR^a^frfeafi^tiN ±Rtt»fls « 
JBEa»e>«J££*L3£i:i:fc*K H#:i$fc:fci:l 4%U±4 0 %J^T* S SI* b < s 1 
6 %JM±4 0 %J^TA s «fc DSS bV> 0 

WTM2 4 a© I nffififcjfcfcov^tix I njRi^ibtfJiJ^-r* i: £ 
K^t^7*st<*5 0-es I n^i£«:/J^V>##Sli;bl>#> I nIS 
fiKib**-Kn©»-a-fc:|±|S^Sb4S3& s *» , r*o £*ifciu InMi^^'J7l 
2 4a4>t-4i:, ^^W&#£W#bTV^fc»£%££;ft,3o bfcAs^t. 
^'J7I2 4 a© I nmi&&lZ?<DTmtimm&t>%mfrt>Mfe£tls ±Eitfirt 

3;b<U 0. 1 %m±3%J^T*ick!3a^b^o A-'J7I2 4 aOSlfifc©— flat*. 
Al©mj^lt^4 0% s I n©$lJ5glt^ 1 %i:bfeA 1 o. 4 1 no.o,Ga 0 .5 9 N 

-^s #F*J12 4 b© I Timm&te. &$TgZ}:Inmmme>i$1fi'bis<l3: 

bTb^a 0 bfe^oTs ^ji^i nmm&&&&$tizftytm&£#pm2 4 

b<Dm£lzi&&VT&fegti%o m%.&, m?t%l&.&3 6 0 nm©i§iirtcfcj\ 5 
XW±1 5%J^T* s S*b<s 5%£Ubl 3%trF* s cfc*)iI£bW #pI2 4 
b ©£&*£©— W±x I n©$fl^tb^ 5%h bfe I no. osGao. seNTfeSo JS£ 
CWUTfck i«^«tS^< lnm£l±2nmJ-OTl*l<^ 1. 
3nmW±l. 8nmWJ;Dl$bK WPM 2 4 b©Jp££ 3 nmW±J: 
t^hv ^^S«4 0 0 nm£&.S££:£iiifgbTV^o #F« 2 4bMA 
U TM2 4 a.commM.m±, ±iBbfc«t.a t 7 5 0 °C^±A$M* b < s 7 7 0°C 
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%%M2 A\Z&\l%rtV7m2 4 &<Df&M.fplZffiTTMA(Dffim% 1 0 
s c cmtlSU All nGaNMi/7 712 2M*titTMA^^^ 

E4fc^©J|£Jil#^£*Vt^£o EI{c43V>Ts $t$ftfct T M Am* (7P-1/- 

3 s c cmtzmtiUtZ 2. 7^£&£ 0 ^?^tTMAlM10s 

#H^©J±s ^97712 2<ZVt> v7&m^tz8> (A l$l^it*s 0 ffc 

^l±jE?L#^y 7712 2 *fcMftfflLTIEJL©#FJB2 4 b *©HI C d #>#^ 

bfc#oTs AlInGaN^y77l2 2OAlMM0. 5%&Lt4 0 
0%&TF#iIi;b<U 1%JM±4 0%&TF#<fc t)II£b^o AlInGaNMs/ 
77I22CI nJfitf&Jtfc^-ttts I nm&&&Vri<Dt&&tzmft%i&ifim.U 
•T££i:£fii§gbTM3o I n^B^K©^?> ffifis^y ~7 tM 2 2 F*3T^2c^ 

ftft^<D&mtem-¥{;T^Z>tzlsbhm?Lt>tiZ>o bfe* $ oT^ AlInGaN 
A'y77l2 2©InMM0. l%£k±5%£XT&m&L<s 0. lXtt± 
3 %&TF#<fc bVNo A 1 I n G a N/^y 7 712 2 Al 

fflJ#Jfc£4 0 % s I n*Ifj£i:b£ l%J:bfcAlo.4lno. oiGao. 59 Nt?fe^o 

Cl©J;-5t3 N *mMMn°?\±^ ^Jfcl 2 4 i: LT0f^0$Mi© I n G a N 
#Fi:Al I nGaNMUT^*5SSlc^bT^S^«^#F«|jt^fflVNT 
I nGaNOH»> J*3r* y 7£ifi*b*t 3 4 0 nm-3 7 5 nm®M5 
"5Tt££U £2^ ^'J7ltbtAlInGaN^ffl^5il}:tMM^|ql± 
^&k:li5^JBt:|»g?bTm^O<i^tSH©A 1 InGaN/^y77l2 2 

digits ztT'ic* V7*mmwiz&x\sxmy6itom*fa±$i£zz.ttfiX'%%o 
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